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Abstract

Nanostructured Fey,Sb,, (wt.%) alloys were synthesized via mechanical alloying of pure iron and antimony powders in a high-
energy planetary ball mill. The milling duration was carefully optimized to achieve a nanostructured mixture and to form a
supersaturated solid solution of (bcc) a-Fe(Sb). Subsequently, the powder mixture was utilized to deposit (bcc) a-Fe(Sb) onto
a glass substrate. The fabrication of our films was carried out through thermal evaporation (physical vapor deposition) under
a vacuum of 2.1 x 107> mbar, utilizing an electrically heated tungsten boat. The supersaturated solid solution (bcc) a-Fe(Sb)
powder obtained via mechanical alloying was employed as the source material for deposition. In this study, we investigate
the influence of milling time and film thickness on the structural, microstructural, and magnetic properties of Fey,Sb,, (wt.%)
powders and thin films. Structural, microstructural, and magnetic analyses of the milled powders and thin films were con-
ducted using X-ray diffraction (XRD), scanning electron microscopy (SEM), and vibrating sample magnetometry (VSM).
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1 Introduction

In recent years, the field of nanomaterials and nanotech-
nologies has emerged as one of the most captivating and
dynamic domains of scientific inquiry, captivating the
minds of researchers and innovators across the globe [1-5].
Its appeal is rooted in the vast potential it holds, spanning
both the fundamental principles of science and the practical
applications that can transform industries and technologies
[6, 7]. Among the diverse array of nanomaterials that have
sparked tremendous interest and exploration, ferromagnetic
thin films stand out as a category of paramount significance.
From a technological perspective, these thin films have
found their place at the intersection of scientific ingenuity
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and practical utility, offering a myriad of applications that
extend far beyond the conventional boundaries of materials
science [8, 9].

At the heart of this burgeoning field is a profound appre-
ciation for the potential that nanoscale materials and technol-
ogies bring to the table. The ability to engineer, manipulate,
and control matter at the atomic and molecular level has
unlocked an astonishing realm of possibilities. It enables the
creation of materials with finely tuned properties and excep-
tional functionalities, serving as a bridge between theoretical
knowledge and real-world applications. Within this trans-
formative landscape, ferromagnetic thin films emerge as a
remarkable subset, possessing the power to reshape how we
interact with and harness magnetic properties [10].

From a technological standpoint, ferromagnetic thin
films are not mere curiosities but rather invaluable tools
with a diverse range of applications. They hold the poten-
tial to serve as the foundation for magnetic recording media,
breathing life into data storage technologies that underpin
our modern digital world. Whether it is the magnetic hard
drives storing vast troves of information or the delicate
magnetic heads that read and write data with astonishing
precision, ferromagnetic thin films quietly underpin these
systems, exemplifying their indispensable role in our daily
lives [11, 12].
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However, the significance of ferromagnetic thin films
extends well beyond the realm of data storage. Their influ-
ence reaches into other corners of the scientific and techno-
logical landscape, illuminating new pathways for innovation.
These materials can be integrated into sensor technologies,
enabling the development of highly sensitive detectors for
various physical phenomena. They offer potential solutions
for enhancing the efficiency of energy conversion and stor-
age systems, which have become paramount in addressing
global challenges such as climate change. Moreover, they
hold promise in the development of spintronics, a burgeon-
ing field that explores the utilization of electron spin as a
fundamental unit of information, thus opening new vistas
in computing and electronics [13].

In the grand tapestry of nanomaterials and nanotechnolo-
gies, ferromagnetic thin films not only represent a fascinat-
ing subject of study but also a testament to the transforma-
tive power of scientific discovery. The fusion of fundamental
insights with practical applications serves as the cornerstone
of progress in the twenty-first century. As we embark on this
journey of exploration into the world of ferromagnetic thin
films, we find ourselves at the nexus of scientific curiosity
and technological innovation [14, 15].

The (bce) a-Fe(Sb) solid solution thin films are deposited
onto glass substrates via vacuum thermal evaporation, with
thicknesses varying across different samples. These thin
films are derived from a-Fe(Sb) powders obtained after a
specified duration of grinding. Our study aims to investi-
gate the impact of thickness on the structural and magnetic
properties of thin films composed of (bcc) a-Fe(Sb) solid
solution. Through systematic variation of film thickness,
we aim to elucidate how changes in thickness influence the
structural and magnetic characteristics of the (bcc) a-Fe(Sb)
solid solution thin films. This research endeavor is crucial
for advancing our understanding of the behavior of thin films
in various applications, such as magnetic recording, sensors,
and spintronics.

2 Experimental
2.1 Synthesis of Fe-10Sb (wt.%) alloy particles

The synthesis of Fe—10Sb (wt.%) alloy particles was con-
ducted through mechanical alloying, a widely used method
for producing alloy powders with controlled composition
and microstructure. Our starting materials comprised com-
mercially available Fe (Alfa-Aesar, 99.9%, < 10 pm) and Sb
(Alfa-Aesar, 99.8%, <40 pm) powders.

The mechanical alloying process was carried out using
a planetary RETSCH PM 400 ball mill. The milling condi-
tions were carefully optimized to ensure the desired alloy
composition and microstructure. The mill operated at a
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rotational speed of 350 rpm, and a ball-to-powder weight
ratio of 15:1 was maintained throughout the milling process.

To prevent oxidation of the powders during milling,
the experiments were conducted under a controlled argon
atmosphere. This protective atmosphere shielded the pow-
ders from atmospheric oxygen, ensuring the integrity of the
alloy composition. Additionally, the milling process involved
intermittent breaks, with each milling session lasting for 1 h
followed by a 30-min rest period.

Several effective milling durations were investigated to
understand the evolution of the alloy microstructure and
composition. The selected durations ranged from 2 to 36 h,
providing insight into the kinetics of the mechanical alloying
process and the formation of the Fe—Sb alloy phases.

2.2 Deposition of solid solution (bcc) a-Fe(Sb)
powder film

The deposition of solid solution (bcc) a-Fe(Sb) powder
film was achieved through a thermal evaporation process.
Initially, the a-Fe(Sb) powder, obtained through mechani-
cal alloying, was loaded into a tungsten boat within a vac-
uum chamber. The chamber was evacuated to a pressure of
2.1x 107> mbar to create a high-vacuum environment con-
ducive to film deposition.

The thermal evaporation process was conducted using
resistive heating. An MECA 2000 evaporator was employed
for this purpose. The distance between the substrate, in this
case, thoroughly cleaned Corning glass substrates, and the
source (the loaded tungsten boat) was optimized to 50 mm
to ensure uniform deposition.

During the deposition process, the a-Fe(Sb) powder in
the tungsten boat was heated, causing it to sublime and form
a vapor. This vapor then condensed onto the surface of the
glass substrates, resulting in the deposition of a thin film of
the a-Fe(Sb) solid solution. It is important to note that the
film deposition was carried out at room temperature, without
any additional heating applied to the substrates.

This deposition method offers precise control over the
thickness and composition of the deposited films and enables
uniform coverage over large substrate areas. Additionally,
deposition at room temperature eliminates the risk of sub-
strate deformation or thermal damage, making it suitable for
delicate substrates like glass.

2.3 Characterization of milled powders and thin
films

The structural and magnetic properties of the milled pow-
ders at various milling times and thin films at different thick-
nesses were meticulously characterized utilizing a suite of
advanced techniques. X-ray diffraction (XRD) analysis was
conducted using a state-of-the-art Bruker D8 Advance Eco
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X-ray diffractometer equipped with a copper anticathode
Cu-Ka radiation operating at 40 kV and 40 mA. Employ-
ing a (6-20) Bragg—Brentano geometry and a wavelength
of 1=1.541874 A, the experiments were carried out at an
ambient temperature of 25 °C. The obtained diffractograms
were refined using the highly sophisticated Rietveld method
implemented in the specialized MAUD software (version
2.22), enabling precise determination of the crystalline
phases and structural properties of both the powders and
thin films [16].

In parallel, scanning electron microscopy (SEM) was
employed using the Quantum 250—FEI electron microscope
to conduct microstructural characterization and morphology
analysis of the powder mixtures obtained at varying grinding
durations and thin films at different thicknesses. SEM imag-
ing provided invaluable insights into the surface morphol-
ogy, particle size distribution, and overall uniformity of the
synthesized samples, facilitating a deeper understanding of
their microstructural features.

Furthermore, magnetic assessments were carried out
using a highly sensitive MicroSense V7 model vibrating
sample magnetometer (VSM) operating at room tempera-
ture. This advanced magnetometer allowed for the examina-
tion of hysteresis cycles, providing crucial information on
magnetization saturation (Mg), coercivity (H¢), and rema-
nent magnetization (M,) based on the applied magnetic
field. By analyzing these parameters, we gained significant
insights into the magnetic behavior and performance of both
the synthesized powders and thin films.

3 Results and discussion
3.1 Fe-10Sb (wt.%) milled powders

In Fig. 1a, X-ray diffraction (XRD) patterns for Fe—10Sb
(wt.%) powder mixtures are presented, depicting the evolu-
tion of structural changes after mechanical alloying (MA) for
varying durations at room temperature. Initially, the XRD
peaks correspond to the pure iron and antimony compo-
nents of the powder mixture (labeled as O h in Fig. 1a). For
iron, reflections along the planes (110), (200), (211), (220),
and (310) indicate a cubic structure (CC), while antimony
exhibits reflections along the planes (012), (104), (040), and
(116), indicative of a rhombohedral structure.

After 12 h of milling, a notable transformation is
observed: the complete disappearance of antimony peaks,
coupled with a subtle shift in the iron-related peaks towards
smaller angles (as shown in Fig. 1b). This disappearance
suggests the dissolution of antimony atoms into the iron lat-
tice, leading to the formation of a bee solid solution denoted
as a-Fe(Sb). The slight angular shift in the iron peaks is
attributed to the development of this a-Fe(Sb) solid solution

and the introduction of first-order internal stress during
milling.

This first-order angular stress, operating at a macroscopic
level, induces changes in the lattice parameter, thereby caus-
ing the observed angular shift in the XRD peaks [17-19].
This observation underscores the intricate structural altera-
tions occurring during the mechanical alloying process,
shedding light on the formation mechanisms of a-Fe(Sb)
solid solutions and the role of milling-induced stresses in
their development.

In Fig. 2, the evolution of the crystallite size (< D>, nm)
and microstrain (< ¢ > %) with respect to the milling dura-
tion is depicted. Upon examining the graph, a noticeable
trend emerges: as the milling time increases from 0 to 36 h,
there is a consistent reduction in the average crystallite size
(<D>) from 59.95 to 18.16 nm. Concurrently, the micro-
strain (< o> /%) experiences a corresponding increase from
0.076 t0 0.19%.

This observed decrease in < D > and the simultaneous rise
in<6?> ! can be attributed to the progressive hardening
of the FeSb powders during milling. As the milling dura-
tion extends, the powders undergo increased deformation
and fragmentation, leading to a refinement in the crystallite
size. The enhanced hardness of the powders promotes more
efficient grain fragmentation processes, resulting in the for-
mation of smaller crystallites [20].

Overall, the findings from Fig. 2 highlight the dynamic
nature of the mechanical alloying process and its profound
impact on the structural properties of the FeSb powders.
The observed trends underscore the effectiveness of milling
in inducing structural modifications and refining the micro-
structure of the alloy, thereby contributing to the desired
properties and performance of the synthesized material.

With the progression of milling times, there are notice-
able alterations in the morphological structure of the mac-
roscopic powders, as evidenced by the SEM micrographs
in Fig. 3. In Fig. 3, SEM images display the particles of
Fey,Sb,, powders after undergoing mechanical alloying for
durations of 25 h and 36 h.

For the 25-h milling duration, as depicted in Fig. 3a, a
noticeable transformation occurs in which the ground par-
ticles become smaller. Fine particles, approximately 5 pm
in size, emerge, exhibiting a relatively uniform appearance
a hallmark of a delicate equilibrium between fracture and
welding phenomena. During this stage, the bonding forces
between the powder particles strengthen as the grain size
reduces. Deformations are no longer easily achievable as
they demand a substantial force for fracturing the particles.
It becomes evident that the grain size decreases over the
milling time, which is attributed to the interplay of fracture
and welding processes resulting from the collisions between
the powder, milling balls, and the inner wall of the con-
tainer. At the 36-h mark of milling (as shown in Fig. 3b),
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the observation reveals the presence of large agglomer-
ates comprising exceedingly fine particles. These particles
demonstrate a further refinement, becoming even finer and
smaller with increased milling duration [21]. These findings
indicate that after 36 h of milling, we obtain significantly
smaller agglomerates compared to the preceding times, with
the individual particles displaying greater homogeneity. It
is noteworthy that, at this stage, the fracture process takes
precedence in the mechanosynthesis, leading to a notable
reduction in particle size.

The findings from the energy-dispersive X-ray (EDX)
analysis conducted on Feq,Sb,, powders after both 25 and 36
h of grinding, as illustrated in Fig. 3c and d, serve as a robust
confirmation of the anticipated elemental composition.

@ Springer
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Specifically, the presence of iron (Fe) and antimony (Sb)
aligns precisely with their nominal composition, substanti-
ating the integrity of the material’s chemical makeup. This
validation not only underscores the accuracy of the mate-
rial’s composition but also lays a solid foundation for sub-
sequent studies or applications within the field.

Of particular significance is the absence of any additional
peaks in the EDX spectra, indicating the non-detection of
chromium (Cr) contamination stemming from the milling
elements (balls and jars). Moreover, the absence of oxygen
(O,) from the milling environment further reinforces the
purity of the sample. Such meticulous analysis and confir-
mation of elemental composition are essential for ensuring
the reliability and reproducibility of experimental results,
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particularly in research endeavors aimed at elucidating the
properties and behavior of materials under various condi-
tions. Consequently, these results instill confidence in the
suitability of the Fey(,Sb;, powders for further investiga-
tions, whether in fundamental scientific inquiries or practical
applications in industrial or technological domains.

The observed sigmoid-shaped hysteresis loops in Fig. 4,
characteristic of nanostructured magnetically soft materials
with small magnetic domains (as indicated in the inset of
Fig. 4), are notable. This shape is indicative of the presence
of structural distortions within the grains, contributing to the
material’s behavior. These distortions result in low hysteresis
losses, a highly desired characteristic in soft magnetic mate-
rials. Such low losses imply enhanced efficiency in energy
conversion, making these materials promising for various
technological applications in areas like power electronics,
sensors, and magnetic storage devices. This signifies that the
material exhibits properties suitable for specific technologi-
cal advancements, especially in optimizing energy use and
magnetic storage capabilities [19].

3.2 Solid solution (bcc) a-Fe(Sb) powder thin films

Figure 5 illustrates the X-ray diffraction patterns of the solid
solution of (bcc) a-Fe(Sb) powder thin films obtained by
evaporation onto a glass substrate with varying thicknesses.
The selected powder, subjected to 25 h of grinding, was
used in the process. For the sample with a thickness of 16
nm, a single peak emerged, displaying a relatively low inten-
sity. This peak, positioned at an angle of 20 =44.65°, was

Milling time (h)

assigned to the body-centered cubic (bcc) a-Fe(Sb) (110)
solid solution. Upon increasing the thickness to 25 nm, the
emergence of the (110) peak is accompanied by the appear-
ance of a slightly intensified peak corresponding to the (200)
plane of the a-Fe(Sb) phase. For the thicker films with thick-
nesses of t=60 nm and t=90 nm, besides the presence of
the (111) peak, additional peaks at 20=65.10° and 82.31°
appeared. These peaks have been identified as corresponding
to the (200) and (211) planes of the a-Fe(Sb) phase, respec-
tively. The distinct peaks observed in the X-ray diffraction
patterns as the film thickness increases suggest notable vari-
ations in the crystallographic structure. These peaks, repre-
senting specific planes, serve as indicators of the crystalline
orientation within the Feq,Sb,, films. The prominence of
certain crystallographic planes, such as (110), underscores
the evolving nature of the a-Fe(Sb) phase in response to
changes in thickness. Understanding the structural char-
acteristics of these films is of paramount importance. The
arrangement of atoms in the crystal lattice, as revealed by
the presence and intensity of these peaks, provides crucial
insights. This information can guide further investigations
into the properties and applications of Fey,Sb,, films across
different thicknesses. The evolving nature of the a-Fe(Sb)
phase suggests a dynamic relationship between film thick-
ness and crystallographic behavior. This relationship may
be influenced by factors such as strain, defects, or varia-
tions in the deposition process. By unraveling these con-
nections, researchers can gain a deeper understanding of
the material’s behavior and tailor its properties for specific
applications. The significance of this information extends
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Fig.3 SEM images showing the shape evolution of the Fey,Sb,, powder mixtures at different milling times a 25 h and b 36 h, respectively, and
EDX plots of the Fey,Sb,, powder mixtures for various milling times ¢ 25 h and d 36 h

to practical implications. Tailoring the film thickness could
serve as a strategic approach for engineering desired proper-
ties in FeyySb,, films. Whether for applications in sensors,
electronic devices, or other technological advancements, a
comprehensive understanding of the structural characteris-
tics is essential.

The lattice parameter is a crucial factor as it offers
insights into the state of stresses imposed on the thin layer.
The changes in lattice parameters across all samples, influ-
enced by thickness, were identified through the Rietveld
refinement of the X-ray diffraction spectrum, as illustrated
in Fig. 6.

In Fig. 6, it is illustrating that the lattice parameter a
(nm) monotonously decreases with the augmentation of
thickness. Specifically, the value of a (nm) ranges from
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(0.2859 +£0.0001) nm for 16 nm to (0.2841+0.0001) nm
for 90 nm. Additionally, it is noteworthy that these values are
below the bulk value, which equals 0.2866 nm [22]. Lamrani
et al. [23] have previously reported a similar trend in the
behavior of “a” (108) concerning film thickness. This study
utilized thermal evaporation for an Nig,Fe,, alloy, consider-
ing thicknesses of 16, 25, 60, and 90 nm.

The observed monotonic decrease in the lattice parameter
with increasing thickness suggests a systematic trend in the
crystal structure. The reduction in “a” indicates a possible
compression or contraction of the lattice as the film thick-
ness grows. This phenomenon could be influenced by factors
such as strain, defects, or variations in the growth conditions
during film deposition. Furthermore, the observed values
being below the bulk value suggests that the thin films may
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Fig.4 Hysteresis loops (M-H
curves) at room temperature of
the Fey,Sb,, powders milled for
a0,2,4,8,12,16,25,and 36 h

Fig.5 X-ray diffraction spectra
of Fey,Sb,, films for various
thicknesses

undergo structural modifications or distortions compared
to their bulk counterpart. This deviation could arise from
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Figure 7 displays evolution of average crystalline
size, < D> (nm), and microstrain ¢ (%) of Feg,Sb,, films
obtained by evaporation on glass substrates of different
thicknesses 16 nm, 25 nm, 60 nm, and 90 nm. From Fig. 7,
one can see that < D >increases from 5.9 to 16.8 nm, and the
microstrain decreases from —0.0024 to —0.0083% with the
increase of thicknesses.

The observed increase in < D > as the thicknesses increase
suggests a trend of grain growth. This phenomenon is com-
monly associated with the coarsening of crystalline domains
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as the material undergoes structural changes. The specific
values provide quantitative insight into the scale of the crys-
talline structures, indicating a notable variation in the size
of the crystallites with changes in thickness.

Moreover, the discernible decrease in microstrains with
the augmentation of thickness implies a concurrent reduc-
tion in internal structural distortions. This phenomenon is
likely attributed to the relaxation of the crystalline structure
or a diminution in defects as the film thickness undergoes
an increase. The negative values of microstrains signify
compressive strain, indicating that the crystalline struc-
ture may be subjected to compressive effects. This intricate
interplay between the mean crystallite size, microstrains, and
film thickness not only underscores the structural evolution
within the material but also offers nuanced insights into the
dynamic processes influencing its crystalline integrity. As
thickness varies, the reciprocal changes in crystallite dimen-
sions and internal strains elucidate the intricate adjustments
occurring at the atomic and microstructural levels, contrib-
uting to a comprehensive comprehension of the material’s
behavior under varying thickness conditions.

Figure 8 displays SEM surface images depicting varia-
tions in thickness for Feq,Sb,y/glass. For the image in Fig. 8a
corresponding to a Fey,Sb,y/glass film with a thickness
of 16 nm, a clear depiction of a consistently even surface
is observed. Not much can be discerned due to the small
grain size of this sample, which is D=5.9 nm, while for the
thickness films 25 and 60 nm, small rounded shape droplets
appear on the surface, as illustrated in Fig. 8a and b. This
suggests a change in the surface morphology as the film
thickness increases. In the case of the thickest film, with a

Fig. 8 SEM images of Fey,Sb,,/
glass for thicknesses of a 16
nm, b 25 nm, ¢ 60 nm, and d

90 nm

thickness of 90 nm, Fig. 8d displays a notable increase in
the number of smaller rounded droplets scattered across the
surface. This observation indicates a substantial alteration
in the surface characteristics as the film thickness increases.

The process of fabricating Fey,Sb,/glass films involves a
crucial phase where Fe (Sb) solid solution powder undergoes
a remarkable transformation. During the evaporation of iron
powder, a transition from the solid to the liquid state occurs,
generating a liquid phase of the material. This pivotal
moment is followed by a fascinating phenomenon known
as the “jet of droplets.” In this step, droplets of the liquid
material, resulting from the evaporation of Fe (Sb) solid
solution powder, are propelled towards the substrate with
kinetic energy. The substrate, which may consist of glass in
our study, plays a crucial role in the process. Upon contact-
ing the substrate, the droplets undergo a nearly instantane-
ous process of cooling and solidification. This rapid cooling
leads to the formation of small circular grains, also known as
“droplets,” on the substrate’s surface. These grains exhibit
distinct morphology, influenced by the speed of the drop-
let jet, temperature, and other processing parameters. Thus,
the phenomenon of circular grains is the result of a com-
plex sequence of evaporation, transformation into the liquid
phase, droplet projection, and finally, rapid cooling upon
contact with the substrate. These observations, illustrated in
the SEM images in Fig. 8, provide valuable insights into the
dynamic processes during the fabrication of Fey,Sb,/glass
films at different thicknesses.

Figure 9 displays the hysteresis loops for (bcc) a-Fe (Sb)
films on glass with varying thicknesses, measured at room
temperature. These curves were acquired in the parallel
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Fig. 9 Hysteresis loops for a-Fe

(Sb) on glass with various thick-
nesses: 16 nm, 25 nm, 60 nm,
and 90 nm

T
-400

-600

configuration, with the magnetic field (H) aligned in the
film plane. It is found that all the cycles are saturated and
have a sigmoidal shape. The low hysteresis loss observed in
the cycling of the material between —H and + H is indica-
tive of the efficient energy retention within the system. This
phenomenon is closely linked to the soft magnetic char-
acteristics exhibited by the layer. Soft magnetic materials
are known for their ability to undergo rapid and reversible
magnetization changes with minimal energy dissipation. In
the context of the discussed layer, this property contributes
to the overall efficiency of the material in terms of energy
consumption during the cycling process. The soft magnetic
nature allows the material to easily realign its magnetic
domains in response to changing external magnetic fields,
thereby minimizing the energy losses associated with hys-
teresis. This property is particularly advantageous in appli-
cations where energy efficiency and precise control of mag-
netic behavior are critical factors.

In Fig. 10, we present a plot of the coercive field (H) as
a function of thickness, with H values ranging from 3.05
to 6.64 Oe. The observed behavior illustrates a decreasing
trend in coercive field, ranging from 3.05 to 6.64 Oe, as the
thickness increases from 16 to 90 nm.

The observed phenomenon in Fig. 10, where the coercive
field (H¢) decreases from 3.05 to 6.64 Oe as the thickness
increases from 16 to 90 nm, can be explained by the influ-
ence of thickness on the magnetic properties of the material.
Coercive field is a measure of the resistance of a material to
changes in its magnetization state, particularly in the context
of magnetic hysteresis loops.
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In this case, the decreasing trend in coercive field with
increasing thickness suggests that thicker layers of the
material exhibit a reduced resistance to changes in mag-
netization. One possible explanation for this behavior is
that as the thickness of the material increases, there may
be a greater volume for magnetic domains to realign or
respond to an external magnetic field. This increased vol-
ume allows for a more gradual and easier realignment of
the magnetic domains, leading to a lower coercive field.

The squareness S is a measure defined as the ratio of
the remnant magnetization to the saturation magnetization,
expressed as S =M /Mg. This parameter provides valuable
insights into the magnetic behavior of thin films as a func-
tion of their thickness. The variation of the squareness S
with film thickness is depicted in Fig. 11. It was observed
that this ratio exhibits an intriguing trend when varying
the deposition thickness. Specifically, between thick-
nesses of 16 nm and 25 nm, a significant increase in S
was recorded. This increase can be attributed to several
factors, such as size and surface effects, as well as specific
interfacial interactions. At this scale, surface constraints
and interfacial interactions can induce magnetic anisotropy
favorable to higher remanent magnetization compared to
saturation magnetization. However, beyond the thick-
ness of 25 nm up to 90 nm, a gradual decrease in S was
observed. This decrease can be explained by the increas-
ing dominance of magneto-static effects as the deposition
thickness increases. Magneto-static interactions can lead
to magnetization saturation, thereby reducing the S ratio
compared to smaller thicknesses.
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Fig. 10 Coercive field as a func- 7,0
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This observation underscores the importance of con-
sidering not only the deposition thickness but also the
interactions and phenomena specific to the nanoscale
when designing and optimizing magnetic materials for
various applications. Understanding the underlying

30

40 50 60 70 80 90 100
Thickness, t (nm)

mechanisms of this variation in S is crucial for devel-
oping materials with optimal and predictable magnetic
properties, thus paving the way for new advancements in
the fields of electronics, spintronics, and magnetic device
technology.
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4 Conclusions

The synthesis of thin films composed of the (bcc) a-Fe(Sb)
solid solution involved depositing powder that had under-
gone 25 h of grinding onto glass substrates using a thermal
evaporation technique under vacuum conditions. Notably,
all the films examined in the study exhibited tensile stress,
indicating a stretching phenomenon within the material. This
observation was further supported by the lattice parameter,
which was slightly greater than that of the bulk material,
suggesting deformation in the crystal lattice.

Analysis of the crystallite size within the films revealed
variations ranging from 15 to 42 nm. These findings imply
the presence of a predominantly monocrystalline structure in
the films, with subtle variations in grain size across different
thicknesses. As the thickness of the films increased from 16
to 90 nm, a corresponding decrease in the coercive field (H)
was observed, ranging from 3.05 to 6.64 Oe. This decrease
in H- indicates reduced resistance to changes in magnetiza-
tion, suggesting that thicker layers offer a larger volume for
magnetic domains to realign. Consequently, thicker films
exhibit a more gradual response to external magnetic fields,
highlighting the influence of film thickness on the magnetic
properties of the (bcc) a-Fe(Sb) solid solution thin films.
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